Objectives Adenoid cystic carcinoma (acc) is often treated with surgery, with or without adjuvant radiation therapy (rt). We evaluated disease characteristics, treatments, and potentially prognostic variables in patients with acc.
INTRODUCTION
Adenoid cystic carcinoma (acc) is a relatively uncommon cancer with an annual incidence of approximately 1200 cases in the United States 1 . Adenoid cystic carcinoma occurs primarily in the major and minor salivary glands, but can also be found at other sites 2 . The disease usually presents in a localized manner, but is known for its propensity for late metastasis (up to 15 years after initial diagnosis) 3 . Although acc can be found at any age, it typically presents in the 5th decade (median age: 57.4 years), and it has a slight female preponderance (up to 60% of cases) 2 . Organs of presentation include the major salivary glands (50%) and the minor salivary glands of the oral cavity (35%) 2, 4 . Rare occurrences in other sites have been reported, including the oropharyngeal and nasopharyngeal spaces, external ear, trachea, breast, lacrimal gland, skin, and lower female genital tract. Stage at initial presentation is variable. Approximately 50% of cases are limited to the primary sites; another 30% have regional lymph node involvement at diagnosis. A small proportion of patients present with distant metastatic disease, usually in the lungs.
Surgery, the traditional mainstay of treatment for localized acc, results in improved survival [5] [6] [7] [8] nodes 4, [9] [10] [11] . In cases in which surgery is not possible, radiotherapy alone has been used, but with inferior results 8, [12] [13] [14] [15] [16] [17] [18] . The role of adjuvant radiation therapy (rt) after surgery varies widely depending on the centre [19] [20] [21] [22] [23] .
The objectives of the present study were to evaluate patient and disease characteristics and treatment modalities in acc, and to identify variables that are prognostic of treatment outcomes.
METHODS
The Tom Baker Cancer Centre is a tertiary cancer centre that serves a referral base for southern Alberta. Consecutive patients diagnosed with acc and presenting to the Tom Baker Cancer Centre between January 2000 and September 2014 were identified by a pathology registry review of Calgary Laboratory Services and a review of the Alberta Cancer Registry, coded by histologic diagnoses. Electronic medical records for each patient were reviewed to ascertain patient demographics at diagnosis; clinical and pathology staging according to the American Joint Committee on Cancer staging manual 24 ; tumour sites at diagnosis; details of surgery and rt; information about follow-up visits; outcomes, including locoregional control, disease-free survival (dfs), and overall survival (os); and, if applicable, cause of death. The study was approved by the Health Research Ethics Board of Alberta.
Data were analyzed using the Stata S/E software application (version 13: StataCorp LP, College Station, TX, U.S.A.). Categorical variables are expressed as frequencies and percentages; patient age is expressed as mean and standard deviation. Overall survival was defined as the period from date of diagnosis to date of death or last follow-up visit, with patients censored at their last follow-up visit. Diseasefree survival was defined as the period from date of diagnosis to date of relapse, progression, death, or last follow-up visit, and was similarly censored at the last follow-up visit. The Kaplan-Meier method was used to estimate both 3-and 5-year os and dfs for the sample overall and for subgroups based on age, sex, TNM stage, T stage, N stage, treatment, margin status, and perineural invasion. Local and distant recurrences were also examined. For each estimate, 95% confidence intervals are also reported, and a log-rank test was used to analyze the equality of survivor functions by subgroup for the same variables. A p value less than 0.05 was considered statistically significant. Table i summarizes patient and disease characteristics for the 60 eligible acc patients who were identified. Mean age in the cohort was 58 years (range: 22-88 years), with a female preponderance (67% vs. 33%). The sites most commonly involved were the parotid glands (40%), the submandibular and sublingual glands (17%), the oral cavity (15%), and the nasal cavity, paranasal sinus, or nasopharynx (12%). More than half the patients presented with earlier-stage disease (T1/2: 58%); most had a negative nodal status (88%); and 60% presented with TNM stages i and ii. Most patients were treated with surgery with or without rt, but 20% were treated with rt alone.
RESULTS
Of patients who received surgical treatment, 62% had positive margins. The presence or absence of perineural invasion was documented in 46 patients (77%), 70% of whom had perineural invasion.
Table ii and Figures 1 and 2 present survival outcomes stratified by disease and treatment variables. With a median follow-up duration of 32 months (range: 2-165 months), the os and dfs rates at 5 years were 64.5% (95% ci: 45.9% to 78.1%) and 46.2% (95% ci: 29.7% to 61.2%) respectively. The os for disease stages i/ii and iii/iv did not differ statistically, although we observed a trend toward improved os for earlier TNM stages (3-year os: 87.2% vs. 74.3%, log-rank p = 0.227; 5-year os: 75.9% vs. 46.7%, log-rank p = 0.198). On the other hand, dfs was significantly different between Surgery was the only treatment in 13 patients (22%); all had stage i/ii disease, none had positive lymph nodes, and 3 (23%) had a positive margin after surgery. An additional 35 patients (58%) had surgery followed by rt, and the most of them (n = 27, 77%) had a positive margin after surgery. Patients treated with rt only (n = 12, 20%) had been deemed unresectable after surgical evaluation, having presented mostly with stage iii/iv disease (n = 11, 91%), and 3 (25%) had positive lymph nodes. The os and dfs were most favourable in patients treated with surgery only and worst in patients treated with rt only (Table ii) . Patients with a positive surgical margin after resection had far worse 5-year os and dfs rates than did patients with negative margins (5-year os: 100% vs. 59.4%, log-rank p = 0.040; 5-year dfs: 100% vs. 45.4%, log-rank p = 0.014). In contrast, the presence of perineural invasion did not affect os or dfs (Table ii) .
Within 60 months, 17 patients had experienced a recurrence. Another 3 patients experienced a recurrence after 60 months. Local recurrence was experienced by 3 patients (5%); distant recurrence, by 8 patients (13%); and both local and distant recurrence, by 9 patients (15%). Factors associated with the rate of freedom from distant recurrence were similar to those associated with dfs (data not shown). Among patients who were recurrence-free at 5 years, os at 5 years was 77% (95% ci: 52.8% to 89.9%); patients with any recurrence at 5 years had an os of 42.7% (95% ci: 15.8% to 67.6%; data not shown).
DISCUSSION
Consistent with the literature, our study of patients with acc found a median age of approximately 60 years and a female preponderance, although the female:male ratio in our study is much higher than has been reported in other studies 2, [25] [26] [27] . Female sex did not affect survival in our cohort. The data related to female sex as a prognostic factor are conflicting: A study based on the U.S. National Cancer Institute's Surveillance, Epidemiology, and End Results database suggested improved os; another study showed a worse dfs, even after matching for stage 2, 28 . Although hormones or other sex-dependent biologic factors might explain a greater female:male ratio, whether the same factors affect disease behaviour or outcomes is unknown. Likewise, some-but not all-studies showed an association between advanced age and more advanced disease stage or dfs 9, 25 . In the present study, advanced age (that is >60 years) did not affect dfs, implying that age alone does not modify the natural history of acc. The parotid and other salivary glands, followed by the oro-nasopharyngeal spaces, were the most common sites of origin, consistent with the literature 11, 28, 29 .
Our study confirms that acc is often a locoregional disease at diagnosis, but that it relapses with distant, and often late, recurrences. Almost one third of our patients developed distant metastasis; only 15% of the recurrences were locoregional. Those findings contrast with results published by other authors who have reported locoregional recurrences in 30%-50% of all patients with recurrence 11, 17, 26, 30 . Without recurrence, the 5-year os in our cohort was 77%; with recurrence, it was 43%, indicating that, although recurrence is associated with mortality, the disease is not rapidly fatal. The reported tumour doubling time in acc ranges from 86 days to 1064 days, with an average of 393 days, explaining why subclinical metastatic deposits can manifest as disease 10-15 years after initial treatment 31 . In addition, 10% of the recurrences presented after 5 years of follow-up, suggesting the importance of long-term clinical follow-up given the indolent nature of acc and its potential for late recurrences.
Despite advances in surgical and adjuvant rt techniques, acc remains a challenging disease to cure. We report a 5-year os of 64.5%, comparable to other published results that have reported os to be in the 60%-90% range at 5 years (Table iii) . The differences in published survival rates could be reflective of a higher rate of distant metastasis, relative underutilization of adjuvant rt, or a higher proportion of initially unresectable tumours in our cohort, perhaps because of late clinical presentation. For example, Fordice et al. 10 reported that 88% of their patients received both surgery and rt; only 2% received rt alone. In our cohort, 58% received both therapies and 20% received rt alone at initial diagnosis. One third of the patients studied by Fordice et al. experienced a recurrence, but at least one third of the recurrences were locoregional; of our patients, more than 85% experienced their recurrence as distant metastasis. In contrast, Monteiro et al. 30 reported that 60% of their patients received both surgery and rt, and 11% received rt alone; 5-year os in their cohort was 68%, similar to that in our cohort.
Our findings suggest a need for novel systemic therapies to lower the rate of distant relapse and to improve survival. The current standard of therapy for localized acc is surgery with or without adjuvant rt. Based on similar small retrospective studies, the U.S. National Comprehensive Cancer Network guideline 34 suggests that adjuvant rt should be offered to patients with risk factors for recurrence such as high grade, positive margins, perineural invasion, lymph node metastasis, and lymphovascular invasion (evidence category 2B). However, adjuvant rt is associated with improved locoregional control or dfs, but not with os when patients are matched for stage 30, 32, 33 . In addition, patients treated with rt alone in our study had a poor 5-year os of 9.2%. This particular group is marked by advanced (and therefore unresectable) tumour stage and continued local and distant progression despite rt. The use of chemoradiation therapy in patients with unresectable acc, with platinum-based chemotherapy as a radiosensitizer, has been reported in a small study that achieved limited success, but that approach is not considered a standard of care because of the unclear evidence for benefit with the addition of chemotherapy 35, 36 . A better understanding of the disease's genomic pathogenesis could potentially lead to new therapeutic targets; one example is the recent discovery of a tumour-specific translocation-t(6:9)(q22-23;p23-24)-that results in the fusion of the MYB oncogene to the transcription factor NFIB 37 .
In our cohort, predictors of dfs included T and N stages, TNM stage, and margin status; N stage and margin status were also associated with 5-year os. Perineural invasion did not predict either dfs or os. Prognostic factors for acc are quite variable and often inconsistent across studies ( Table iii) . The prognostic factors most consistently reported for os include T and N stages, age, and histology. TNM stage shows no consistent association with os, suggesting the possibility that an assessment and revision of the TNM staging is needed to reflect survival outcomes. In the literature, margin status (microscopic and macroscopic) and perineural invasion (most importantly, the major nerves) both variably predicted dfs or os. It is likely that, although a positive resection margin and perineural invasion both adversely affect locoregional outcomes, the addition of adjuvant rt could, to some degree, be able to overcome their impact 35, 38, 39 . Our study was limited by a small number of patients, its retrospective methodology, and a relatively short follow-up in a disease with a long natural history. To the best of our knowledge, this cohort is the largest Canadian series reported. The small number of patients in each subgroup means that we were not able to meaningfully match outcomes for stage or other risk features, nor to assess whether significant factors in the early-stage group were also present within the advanced-stage group. A larger nationwide database would represent a useful resource for better analyzing and understanding the clinicopathologic factors that influence outcome in acc. Such a database could also form the basis for a tumour bank to study the underlying biology of acc. Lastly, acc can be a complex histologic diagnosis, whose differential included entities such as pleomorphic adenoma, acinic cell carcinoma, and polymorphous low grade adenoma; expert pathology review is therefore recommended.
CONCLUSIONS
Adenoid cystic carcinoma is a relatively rare tumour of head and neck. Despite aggressive therapy with surgery and rt, one third of patients experience distant recurrence. Patients whose tumours are not amenable to surgical resection at presentation have a poor prognosis, indicating a need for alternative approaches to improve outcomes. Larger prospective studies are needed to better characterize the disease and to define optimal treatments, because smaller, previously published retrospective studies have reported variable prognostic factors and survival outcomes. 
